increasing the medical costs and some antibiotic-related adverse events. To limit the emergence of resistance, international guidelines recommend that antimicrobial therapy should be discontinued or narrowed according to the identity of the specific pathogens and their susceptibility to specific antibiotics, which is termed as de-escalation. Currently, literatures regarding the de-escalation therapy are mainly focused on VAP and sepsis, [5, 6] and the results have shown that de-escalation therapy is a safe strategy without increasing the mortality. However, the effects of de-escalation strategy on VAP in trauma patients are rarely reported. In this study, we assessed the impact of antibiotics de-escalation strategy on trauma patients with VAP.
mEthods

Ethical approval
This retrospective study complied with the Declaration of Helsinki and was approved by the Institutional Ethics Committee of Shanghai Fifth People's Hospital. All patients included in the study or their supervisors provided the informed consents.
Patient selection
All mechanically ventilated trauma patients admitted to the Department of Emergency and Intensive Care Unit (ICU) from January 2013 to December 2017 were assessed for enrolment in the study. A total of 156 trauma patients on mechanical ventilation (MV) had a documented VAP by laboratory tests and radiological examination, of which 62 constituted the de-escalation group and the remaining 94 were in the non-de-escalation group. TAP was defined as pneumonia that occurs ≥48 h after endotracheal intubation in trauma patients and diagnosed according to the criterion of VAP. [7] The VAP is defined by the following criteria: the presence of chest infiltrates plus at least two of the following criteria: fever, leukocytosis, purulent sputum, and isolation of pathogenic bacteria. The following patients were excluded from the study: those who died within 48 h after intubation, those with acquired immune deficiency syndrome, and those without bacteriological examination.
Study methods
Each patient's clinical characteristics, demographics, laboratory and radiological test results, and bacterial culture results were collected from the electronic medical record by trained medical students and reviewed by two registered physicians. The patients' injury severity was measured using injury severity score (ISS). In the present study, strategies of antibiotic de-escalation therapy included shifting from combined antibiotics to a single antibiotic, narrowing the antibiotic spectrum, or discontinuation of the antibiotics. The decision about de-escalating the initial antibiotics was made by the attending physician based on the results of the microbiological examination. If these results were not available, the decision of de-escalation was based on the patients' clinical condition, laboratory tests, and radiological examination. The change in anti-fungal treatment was not considered as de-escalation. Early-onset TAP was defined as pneumonia occurring within 5 days post-tracheal intubation in trauma patients; otherwise, it was late-onset TAP. Inappropriate initial antimicrobial treatment was defined as insufficient coverage of all isolated pathogens by antimicrobial treatment at the onset of VAP. Sepsis was diagnosed according to the third international consensus definitions for sepsis and sepsis shock in the study. [8] 
Statistical analysis
Categorical variables were expressed as frequency and percentages, and were compared using Pearson's Chi-squared tests. Continuous variables were expressed as a mean ± standard deviation (SD) or median and interquartile range (IQR) as appropriate. Student's t-test or MannWhitney test was used to evaluate the difference between the two groups. All statistical analyses were performed using the Stata/MP 14.2 software (College Station, Texas, USA), and a value of P < 0.05 were considered as statistically significant. To control the influence of potential confounders on the outcome, a propensity score matching (PSM) analysis was used to match the de-escalated with the non-de-escalated patients in a 1:1 ratio by the nearest neighbor matching based on the width of caliper = 0.05. The command "psmatch2" was used for PSM. The covariates for propensity matching included age, gender, principal problem when admitted to the ICU, comorbidity, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, clinical pulmonary infection score, ISS scores, late-onset VAP, sepsis, infections with multi-drug resistant (MDR) bacteria, and appropriate initial antimicrobial treatment. Univariable logistic regression analysis was performed to detect risk factors associated with patients' 28-day mortality and de-escalation before PSM. Independent risk factors were screened by stepwise backward multivariable logistic regression, and odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each variable.
rEsults
Baseline characteristics before and after propensity matching
During the study period, a total of 177 mechanically ventilated trauma patients were screened for eligibility, of these, 21 were excluded as a result of death within 48 h after admission or no results of bacterial detection or other reasons. The remaining 156 patients were included in the study. The de-escalated antibiotic treatment was administered in 62 patients, and non-de-escalation in 94 patients. Before propensity matching, a large number of patients in the de-escalation group suffered from diabetes mellitus (37.1% vs. 18.1%, P = 0.008), sepsis (35.5% vs. 19.2%, P = 0.022), late-onset VAP (48.4% vs. 68.1%, P = 0.014), and infection with MDR bacteria (19.4% vs. 36.2%, P = 0.024). In addition, APACHE II scores among the non-de-escalated patients were higher than the de-escalation patients (17 [14] [15] [16] [17] [18] [19] [20] [21] vs. 14 [12] [13] [14] [15] [16] [17] [18] [19] , P = 0.012). After propensity matching, the difference in the listed variables between the two groups did not show any significance. The baseline characteristics in both groups before and after propensity matching are presented in Table 1 . Initial empirical antibiotics and isolated pathogens are listed in Table 2 .
Treatment efficacy and economic benefits in both groups before and after propensity matching Before propensity matching, the expenses of antibiotics and hospitalization in the de-escalation group were significantly lower than that in the non-de-escalation group (6504 ± 2578 vs. 7445 ± 2277 RMB Yuan, P = 0.018 and 18,755 ± 6564 vs. 21,995 ± 9572 RMB Yuan, P = 0.021, respectively). Furthermore, no difference was observed regarding the length of hospital and ICU stays, duration of MV, 28-day mortality, and period of antibiotics treatment. After adjusting for the confounding factors using PSM method, the difference in antibiotics and hospitalization expenses in both groups still existed (6430 ± 2730 vs. 7618 ± 2568 RMB Yuan, P = 0.043 and 19,173 ± 16,861 vs. 24,184 ± 12,039 RMB Yuan, P = 0.024, respectively). The days of antibiotics treatment in the de-escalation group were shorter than that in the non-de-escalation group (11 [8] [9] [10] [11] [12] [13] vs. 14 [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] days, P = 0.045); however, no difference was noted in the mortality between both groups [ Table 3 ].
Risk factors associated with 28-day mortality using univariable and multivariable logistic regression analysis before propensity matching
In univariable analysis, factors associated with patients' 28-mortality were high APACHE II score (OR 1.13, 95% CI: 1.05-1.22, P = 0.001), high ISS score (OR 1.09, 95% CI: 1.03-1.14, P = 0.001), and inappropriate initial antimicrobial treatment (OR 2.91, 95% CI: 1.42-5.94, P = 0.003). Multivariable logistic regression analysis showed that high APACHE II score (OR 1.14, 95% CI: 1.05-1.24, P = 0.002), high ISS score (OR 1.09, 95% CI: 1.04-1.16, P = 0.001), MDR infection (OR 2.34, 95% CI: 1.04-5.26, P = 0.041), and inappropriate initial antimicrobial treatment (OR 2.34, 95% CI: 1.07-5.14, P = 0.034) were independent factors associated with patients' 28-day mortality [ Table 4 ].
Risk factors associated with de-escalation using univariable and multivariable logistic regression analysis before propensity matching Table 5 ].
dIscussIon
Antibiotic de-escalation prevented the emergence of MDR bacteria with a narrow spectrum of antibiotics according to the culture sensitivity, [9] which plays a major role in the treatment of infectious diseases in clinical practice. In this retrospective study, we evaluated the influence of de-escalation on VAP in trauma patients using PSM for the first time. Although unbalanced baseline characteristics were present in both groups before PSM such as disease constitution and baseline APACHE II scores, the difference in these characteristics disappeared after PSM. The current results showed that de-escalation strategy in the treatment of TAP did not increase patients' mortality, as well as, significantly decreased the medical expenses. Multivariable analysis revealed that high APACHE II score, MDR infection, and inappropriate initial antibiotic treatment prevented the implementation of de-escalation.
Currently, there are several studies regarding the antibiotic de-escalation in medical or surgical patients; [10, 11] however, only a few reports are available in trauma patients. VAP in trauma patients is not completely equivalent to VAP in medical or surgical patients and exhibits specific features. Furthermore, in trauma patients, VAP is more common as compared to other critically ill patients with MV, [12] and ventilator care bundle could not prevent the occurrence of VAP in trauma patients efficiently. [13] In clinical practice, the diagnosis of VAP in the trauma patients is yet an enigma due to the similarity in features with a pulmonary contusion or acute respiratory distress syndrome. [14] Diagnosing TAP according to the clinical criterion may include patients without VAP. Therefore, the definition of the American Center for Disease Control criterion was used for diagnosing VAP accurately as in the study because of its best fit for trauma population, [15] and the patients without bacterial cultures were excluded from the study.
Clinicians are concerned about the efficacy and safety of de-escalation as compared to the non-de-escalation. Recently, a meta-analysis including patients with VAP, community-acquired pneumonia, hospital-acquired pneumonia, and sepsis showed that mortality was similar in most of the infections, and some studies favored the de-escalation for enhanced survival. [16] However, the meta-analysis included randomized clinical trial (RCT) and observational studies simultaneously, and the quality of evidence was low. In the current study, we focused on the impact of de-escalation in trauma patients, which is rarely discussed in previous literature. Although a low rate of mortality was observed in the de-escalation group before PSM, and this finding might be partially attributed to the low APACHE II scores. After we balanced the difference in APACHE II scores between both groups using the PSM method, the difference in mortality between both groups was disappeared. These findings were similar to studies focused on medical and surgical VAP patients. [11, 17] Although a systemic review [18] showed that de-escalation exerted a protective effect on mortality, the authors revealed that this effect might be attributed to clinical improvement or low risk of treatment failure, and thus, could not be retained as evidence. Moreover, our results showed that the patients' length of hospital and ICU stays, and duration of MV did not differ between the two groups before and after PSM, indicating that de-escalation therapy was a safe strategy.
De-escalation therapy usually aims to reduce the emergence of bacterial resistance; [19] however, currently, none of the studies were designed to evaluate this effect. In the current study, we evaluated the emergence of MDR bacteria about 14 days after initial antimicrobial treatment. As a result of high rate of MDR infection in the non-de-escalation group at the time of inclusion, MDR bacteria were frequently detected in the non-de-escalation group. Nonetheless, after adjusting some confounding factors using PSM, the difference in MDR pathogens isolated from both groups after antimicrobial treatment was not significant (31% vs. 40.5%, P = 0.362). This finding was consistent with a previous retrospective study that evaluated the antibiotic de-escalation in patients with VAP. [20, 21] Broad-spectrum antibiotics or combined therapy poses a burden on bacteria, thereby inevitably leading to the emergence of MDR. Thus, the de-escalation strategy would reduce this burden, and decrease the emergence of MDR.
Although guidelines recommend that de-escalation therapy should be performed when the results of bacterial culture were available, [7] this was not common in clinical practice. In the current study, the rate of de-escalation was <40%, which is higher than that exhibited in other studies. [17, 22] Furthermore, in medical institutions, several barriers may hinder the implementation of de-escalation. A large number of studies have identified the factors limiting the practice of antibiotic de-escalation: the presence of MDR bacteria, [23] culture-negative results, [20] and initial narrow-spectrum antibiotics. [21] Herein, the de-escalation strategy was less common in trauma patients with high APACHE II scores, high ISS score, sepsis, MDR bacterial infection, inappropriate empirical antibiotic treatment, and late-onset VAP. Multivariable analysis demonstrated that high APACHE-II scores and inappropriate empirical antibiotic treatment were independent factors influencing the de-escalation strategy. In clinical practice, the clinicians would rather de-escalate the antibiotic treatment according to patients' clinical conditions than the microbiological data and are often reluctant to de-escalate the antibiotic treatment out of fear of poor outcome even if the microbiological data are available when patients' clinical conditions do not improve. Different from a previous study, [17] the duration of antibiotic treatment in the de-escalation group was shorter than the non-de-escalation group. This phenomenon might be explained by the improvement in patients' clinical conditions in de-escalation group.
Nevertheless, the present study has some limitations. The inherent flaw of retrospective study would interfere with this study's strength, although PSM was applied to adjust some confounding factors in the study. The method of PSM could only adjust the known confounding factors; however, it was difficult to balance the unknown factors by PSM that might influence current results. In addition, we did not calculate the sample size using the conventional statistical methods. Thus, our sample size might be relatively small, and insufficient for detection of the difference in mortality between both groups. Moreover, a 3-year period of population recruitment is considered as long, and local microbiology and empirical antibiotic treatment might be altered considerably that might influence our results. Finally, these findings could not be applied to other departments as the results were obtained from a single-center study conducted in the ICU. Furthermore, due to the lack of data integrity, the emergence of MDR and occurrence of adverse events were not assessed in the present study.
In conclusion, in the current study we compared the effect of de-escalation strategy on the treatment of TAP to non-de-escalation using PSM. De-escalation was associated with low hospitalization expense and a short period of antibiotic treatment, and it did not affect the trauma patients' mortality. Although PSM was performed to adjust the bias, RCT is essential for further substantiation of the results.
